To improve clinical outcomes of sepsis through more timely diagnosis and treatment, several biological markers for sepsis-specific clinical manifestations have been extensively evaluated [1] . However, only a few potential biomarkers for the diagnosis of sepsis have been appropriately studied, and the majority are not routinely used in clinical practice because of limited specificity or sensitivity [2] .
One potential biomarker for the diagnosis of sepsis is procalcitonin (PCT). During sepsis, PCT is synthetized massively by various types of cells. In 1993, it was described as accurately differentiating between systemic bacterial infections and noninfectious inflammatory states [3] . Since then, growing evidence has emerged to support PCT as a tool for optimizing antibiotic therapy in patients with sepsis. For example, a recent meta-analysis of eight randomized trials concluded that a PCT-guided discontinuation of antibiotics improved short-term mortality and duration of antibiotic therapy compared to standard care [4] . In this context, recent guidelines recommend the use of PCT levels to shorten the duration of antibiotic therapy for the management of hospital-acquired/ventilator-associated pneumonia and sepsis/septic shock [5, 6] . However, there is insufficient evidence to support using PCT levels to guide antibiotic initiation and to verify the beneficial effect on short-term mortality and antibiotic consumption [7] [8] [9] . Thus, monitoring patients' level of PCT has not generally been considered a way of assisting clinicians in deciding when to initiate antibiotic therapy [5] .
Meanwhile, the diagnostic accuracy of PCT in patients with bloodstream infection (BSI) has also been evaluated to diagnose BSI without taking blood cultures. A recent meta-analysis revealed that PCT was useful for ruling out the presence of bacteremia, with a sensitivity of 76% and specificity of 69% when a cutoff level of 0.5 ng/mL was used for diagnosing BSI [10] . However, because a substantial portion of patients with bacteremia can have PCT < 0.5 ng/mL (37.9%), the best PCT cutoff value for ruling out bacteremia remains unknown [11] . In addition, potential confounders, such as infection site, renal function, and pathogen categories, can also affect PCT levels in patients with BSI [11] [12] [13] . Given the complex relationship between PCT and BSI, further research is required regarding the safety and efficacy of using PCT levels as a single diagnostic tool for identifying BSI.
In this issue, Cha et al. [14] investigated the usefulness of PCT as a diagnostic marker in patients with suspected nosocomial BSI and assessed the relationship between PCT and renal function. To compare clinical characteristics and outcomes of patients with nosocomial BSI and a non-BSI group (n = 680), the researchers enrolled 105 patients who developed BSI more than 48 h after admission. The optimal PCT cutoff value for predicting BSI accurately was also assessed. The median serum PCT level was significantly higher in the BSI group than in the non-BSI group (0.65 and 0.22 ng/mL, respectively; p = 0.001) when an optimal cutoff value of 0.27 ng/mL was used. The area under the curve (AUC) of PCT (0.692) was also significantly larger than the AUC of C-reactive protein (CRP; 0.526) and white blood cell (WBC) count (0.518). This indicates that PCT was a more useful diagnostic marker for predicting nosocomial BSI than CRP or WBC count. More important, Cha et al. [14] suggested that using PCT levels as a single diagnostic tool for predicting nosocomial BSI and avoiding taking blood cultures is questionable because PCT could not rule out 26% of nosocomial BSI patie nts at the optimal cutoff value of 0.27 ng/mL. In addition, it was unable to predict 6% of nosocomial BSI patients at a lower PCT cutoff value of 0.1 ng/mL. They also noted that the optimal cutoff value of PCT for nosocomial BSI increased along with renal dysfunction (0.12 ng/mL with estimated glomerular filtration rate [eGFR] ≥ 60 mL/min/1.73 m 2 ; 0.84 ng/mL with 30 ≤ eGFR < 60 mL/min/1.73 m 2 ; 1.71 ng/mL with eGFR < 30 mL/min/1.73 m 2 ).
This article has important clinical implications for future patient management. First, the results of the study [14] contribute to growing evidence on this topic. There have been only two meta-analyses of the accuracy of PCT for diagnosing bacteremia, and these studies had conflicting results [10, 15] . Furthermore, little is known regarding the utility of PCT as a diagnostic assay for bacteremia, particularly in the setting of nosocomial BSI. The results of this article [14] suggest that the efficacy of using PCT as a single diagnostic tool for predicting BSI remains to be proven. Moreover, PCT should be interpreted in the context of clinical situations until well-designed studies with larger patient cohorts strengthen and validate the diagnostic use of PCT in a BSI setting. Second, this study [14] expands results to patients with renal dysfunction and finds that the cutoff value of PCT for identifying sepsis was higher in patients with impaired renal function, which is consistent with previous studies [16, 17] . Although there is substantial variability in determining the best PCT cutoff value in patients with renal dysfunction, PCT levels around the standard cutoff value should be interpreted with caution. An investigation of this type may be worthwhile given how PCT levels might be used on clinical suspicion of BSI to meet the needs of patients with impaired renal function who are vulnerable to BSI.
No sepsis-specific biomarkers other than PCT have been evaluated in detail using well-designed, prospective, randomized trials in various settings to develop a clinical algorithm for improving antibiotic therapy. The use of PCT levels as a diagnostic biomarker should be expanded to disease-based antimicrobial stewardship, including BSI. Despite the limitations of the clinical relevance of PCT as a diagnostic marker of BSI, future research on the functional assay sensitivity and the best cutoff value for predicting BSI may improve patient outcomes. In an era of the global spread of resistance to antibiotics, this study could be a meaningful step in guiding and providing innovative ideas for improved clinical algorithms and antimicrobial stewardship protocols.
